Autocalibration itérative de caméras à partir de structures planes by Noirfalise, Eric et al.
Autocalibration ite´rative de came´ras a` partir de
structures planes
Eric Noirfalise, Fre´de´ric Jurie, Peter Sturm
To cite this version:
Eric Noirfalise, Fre´de´ric Jurie, Peter Sturm. Autocalibration ite´rative de came´ras a` partir
de structures planes. Journe´es ORASIS, May 2003, Ge´rardmer, France. pp.157-164, 2003.
<inria-00525632>
HAL Id: inria-00525632
https://hal.inria.fr/inria-00525632
Submitted on 26 May 2011
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
 
		ﬀ
ﬁ
	ﬂ
ﬁﬃﬀﬁ

	 
ﬁ
	"!#	%$	"&
ﬃﬀﬁ
!'&()&
ﬁ
!*$ﬀ	
ﬁ
!
+-,/.10324,567.98:2;*.3032<2=,?>8:2(@A5CB30324,5C>&D%B:2(EF.:G<>DIH"@J2DK2&0LEF8M.3DK.NE
O"PRQTSVUW1QTPXZY3[TQ]\^:_R`aP-b^dcb^dPRQTSfe3g&PRQT^:_^ihjk^ihC^iPl-hCg&Pmon
p
_qr
sﬀl&tuO"swvyxKU{zl}|tuz~1~3NF`&|&QT3^dP\RQThFb^Vy[AYMQ]\R^?vjY3\RSdY3[J`~1Ł3sg&&QJ^dPR^
p
n/qyU{zszW1^vs[]4^d\i`~N1Y1^i'g&^c&^V[O"g&PW17^M`&1311tW1NhR7W1&W3hl-hd4tuY3PhRQ]
C 3¡£¢?¤/C¥?¦R§/C¨C©C§C¦/¨JªdC¦1¡£«C¢i¬?­®C¯i §RRª¤¢/°'¡T¥C
±³²
´Fµd¶·
²
´
¸º¹»d¼½¿¾JÀ¹ÁÂÀÄÃÅ½¿ÆÅ¾RÇ»dÈRÉi¼»iÈRÉd¼ÃÊ»/À?Ë¾JÁÄ¾J¼Â¼ÂÈR»d¼ºÌ¹kÆÎÍ ÉiÀÄÃÅÆÅÃÅ¼Ä¹ÀÄÃÅÈR»yÏ:Í ÈRÐÑ
Ò]¾JÀÄ¼ÓiÆÊ¹»d¼Ïd¹»d¼-ÆÊ¾J¼ÓiÁÄÈ/½J¾¿¼Â¼ÂÉd¼Ï:Í ¹ÉÀÄÈ/½¹ÆÅÃÅÐiÁZ¹ÀÄÃÊÈ»yÏ¾(½¹ÔﬀË¾JÁZ¹¼¿Õ
ÖM¹ÔﬀË¾JÀÄ×iÈ?Ïi¾7Ø/Éd¾4»dÈRÉi¼&ÓiÁÄÈÓÙÈR¼ÂÈ»d¼ÓÙ¾JÁÄÔ"¾JÀ&Ïi¾4ÁË¾¹ÆÅÃÅ¼Â¾JÁ(ÆÎÍ ¹ÉiÀÄÈÑ
½¿¹ÆÅÃÅÐiÁZ¹ÀÄÃÅÈ»ÏŁÍ Éi»d¾½¹ÔVË¾JÁZ¹KÈRÐi¼Â¾JÁÄÚR¹»/ÀÉi»ﬀÈRÐ?ÒA¾JÀÓdÆÊ¹»d¹ÃÛÁÄ¾ÃÅ»Ñ
½JÈR»d»?ÉÜÌ¹{ÆÎÍ ¹ÃÊÏi¾Ïi¾Ý½¿ÃÅ»dØVÃÅÔ¹ÞR¾¿¼ÈRÉÓdÆÅÉd¼Ï¾ÝÆßÍ ÈÐÒ]¾JÀÕ&àyË¾¹»Ñ
Ô"ÈÃÅ»d¼¿Ç½J¾JÀÂÀÄ¾áÔVË¾JÀÄ×dÈ?Ï¾ºÚ?ÃÊ¼Â¾áÓiÆÊÉÀâÈÀ7Ïi¾J¼)¹ÓdÓdÆÅÃÅ½¹ÀÄÃÊÈ»d¼)Ïi¾ºÀ]ãÓÙ¾
¹ÉiÀÄÈ/½¹ÆÅÃÊÐÁZ¹ÀÄÃÅÈR»oä]ÀÄ¾¿Ô"Ói¼åÁ?Ë¾¿¾JÆkÚ?ÃÊÏFË¾JÈRäÏd¹»i¼KÆÅ¾¿¼ÄØ/Éd¾¿ÆÅ¼ÝÏ¾ÀÂÁ¿Ì¾J¼
»iÈRÔÐiÁÄ¾¿Éi¼Â¾¿¼1ÃÅÔ¹Þ¾¿¼-ÏiÈRÃÅÚC¾J»?À&â¾ÀÂÁÄ¾ÀÂÁZ¹ÃÛÀË¾¿¾¿¼¿ÕCÖ3¹4ÓdÆÅÉdÓd¹ÁÂÀ-Ïi¾J¼'¹ÆÛÑ
ÞÈÁÄÃÛÀÄ×dÔ"¾J¼1ÓiÁÄÈÓÙÈR¼?Ë¾¿¼'Ïi¹»d¼NÆÊ¹4ÆÊÃÛÀÂÀ?Ë¾JÁZ¹ÀÄÉiÁÄ¾F¼ÂÈR»/À-¹¼Â¼Â¾¿æÔ¹Æ?¹RÏi¹ÓÑ
À?Ë¾J¼Ì¹½J¾ºÀ]ãÓÙ¾áÏi¾
ÓÁÄÈRÐdÆÄË¾¿Ô¹ÀÄÃÊØ?Éi¾ºÏi¹»d¼(ÆÊ¹RØ/Éi¾¿ÆÅÆÊ¾áÆÅ¾áÚCÈRÆÅÉiÔ"¾
Ïi¾
ÏÈR»i»&Ë¾¿¾¿¼å¾¿¼AÀÀÂÁÌ¾¿¼yÃÅÔ"ÓÙÈÁÂÀZ¹»/ÀÕç1ÈRÉÁyÁ?Ë¾¿¼ÂÈÉÏ?ÁÄ¾½J¾ÓÁÄÈRÐdÆèÌ¾¿Ô"¾Ç
»iÈRÉi¼7ÉÀÄÃÊÆÅÃÅ¼ÂÈR»i¼7Éi»d¾á¹ÓdÓiÁÄÈ/½Z×d¾áÃÛÀË¾JÁZ¹ÀÄÃÊÚR¾kÐd¹¼/Ë¾¿¾á¼ÂÉÁ)ÆÅ¾
éÆÛÀÂÁÄ¾kÏi¾
ê
¹ÆÅÔ¹»MÕdë×¹Ø?Éi¾º»dÈÉdÚC¾JÆÊÆÅ¾ºÃÅÔ¹ÞR¾ºÓÙ¾JÁÄÔ"¾ÀÆÅ¾
½¹ÆÅ½¿ÉiÆ3ÏŁÍ Éi»d¾)ÁÄ¾Ñ
½JÈR»d¼AÀÂÁÄÉi½JÀÄÃÅÈR»åÓiÁÄÈÒA¾¿½ÀÄÃÊÚR¾ºÏiÉåÓdÆÊ¹»åÈÐd¼Â¾JÁÄÚ'Ë¾RÕdë¾JÀÂÀÄ¾4ÁÄ¾¿½¿È»d¼AÀÂÁÄÉd½Ñ
ÀÄÃÅÈ»MÇ»dÈRÉi¼-¹ÆÅÆÅÈR»d¼'ÆÅ¾Ô"ÈR»/ÀÂÁÄ¾JÁÇÓÙ¾JÁÄÔ"¾À-Ïi¾ÁZ¹ì"»d¾JÁ-ÆÊ¹)¼AÀÂÁÄÉi½JÀÄÉiÁÄ¾
ÔﬀË¾ÀÂÁÄÃíØ/Éi¾ºÏi¾)Æí¹î¼Â½Ì¾¿»d¾"Ì¹kÀÂÁZ¹ÚR¾JÁÄ¼(ÆÊ¾ºédÆÛÀÂÁÄ¾
Ïi¾ºïá¹ÆÅÔ¹»MÕ
ðñò
µÜóô
²
´-µ
õ
ÉiÀÄÈ/½¹ÆÅÃÊÐÁZ¹ÀÄÃÅÈR»:ÇdÈÐÒ]¾JÀÄ¼4ÓdÆÊ¹»i¼¿ÇiédÆÅÀÂÁÄ¾ºÏi¾ºïá¹ÆÊÔ¹»
ö
BNEN,032º8N,
÷Zøùú?ûü&ýþýiß ß(ý Âßü¿ßøiù4þøûèùTß ÂþùÎûßþ 	
 Zûèùú
 Äþß Aþ
þù
Äþ û ÂþùÎû
øﬀ ﬁ
ﬃﬂß 
 !"
 Äß#û£ß'ü
ﬁkþø$?ø&%ø'
ﬀý'Åþ(
øþ üZßøŁß)+*, ùú&
	ú-
 ."ßùú/
012
 3%ý ﬁ
û0/ß40#ﬂ+ß"ûßß-ü35
ßþû<ùúdß"ýþ ZùÎû&Åþ 6ÄþüJß7
ﬁ98: ÄßÂþ4ùÎûß;û0/ß4
8þ?ù
Äþ û(
 AþùÎû
øﬀý< 4
Êßü11ú?ûZúfûèø/
 ßüÝþøû)ý&
 ù£þøiùø/ﬀZß $
ﬁ
û:"þ	/ßü)$=Kß6?üJß40 þfüÄù ÂþùÎû ﬂ&ß40 þýCý ﬁ
Zú ù
>3
)ý<ùTßﬀþ9ß(
ù Zû? Äß43
ødüÄù @<JùÎû
øA
ﬁBÄþ"ß Âþkþø'0
üZßøŁß(üÄù @/Jù& Âß)÷Zøåþ+ﬂ ZüÄù
üÄùTßTý5Cß?@
)ý?ùTß7þý< 4
EDß4JùÎûßB Äß43
ødüÄù @/JùÎû
øA
EüZßøÙß(üÄù /(
ù ÂßA?üÄûèø	ýÅþøÙþ ú/
"
3	 ÂþýiúGFG)"HMú?ûèüûèøiùTß "ß40ûßþùTß1 Äß43
øiü(
ù @/JùÎû
øKûüBüJß40ûèøyþüJß4@
ø'0ùÎû"ß7ûèøKþ#Iþ "þøﬀJFû ùTß K1ú?ûZú
ßøiü3& ÂßkûèùÎüL Âß4JùÎû ﬂMÄþùÎû
øù
ﬀ Äß43
ß !ßù Zû(ý< 4
ýiß ZùÎû£ßü)
N .PO?Q >03G(E
*K?ù
Äþ û AþùÎû
ø/5MýÅþøÙþ 
üZßøŁß5RIþ îþø.ﬂ2 ùTß 
S T
y&
ﬃ
)&
UVXWVY:Z\[^]V_Z:`&acbRd eCaCfgWVhif]VjW`&a^kZk3_fmlVjfk3_Z\h;f]>kfk
n
V]Vholfp_]fkoZ\a<_]Z:a^klfq<eCfksrt`'WVY:f&u
n
`/Z\a<_
n
]Z:a^WpZ
n
VYEuwv:v\vyx
lVzY{d VZb'fXbRd eCa|`&[C}3fp_ﬃ~Bif`&hif_]Z:q<eCfh1fa<_sW`&aCaeV
n^n
fYpif
h1Z:]fb'fWV&Y\Z:[C]V~&f/v.,f
n
]`Wfkk@ek
n
f]h;fp_bCf>tV&WpZ:Y:Z_f]
Y:V]fWCf]WCf!bRd Z:a't`&]hAVG_Z:`&akB_]Zb'Z\h;fa^k@Z:`&a^aCfY:Y\fk,keC],eCaCf
kWlfaCfV
n
]Z:`&]Z'Z\a^W`&aCaeCf/v&U+`/]kq<eCf#Wpf_?`&['}3f_Kb'f!WV&Y\Z:[C]V~/f
fk@_A~Bif`/hﬃifp_]Zq/e^fh;fa<_Z:a^W`&aCae+uB`/a
n
V&]Y:fob'f
n
]`'Wfkk@e^k
bRd Ve'_`WVY:Z\[^]V_Z:`&a+v
,fp_;V]_ZWpY:f
n
]Cifkfa<_f$e^aCf6hifp_C`'b'f
n
f]h;fp__Va<_1Y{d Ve'_`
WV&Y\Z:[C]VG_Z:`&aZ_Cif]VG_Z\/fŁbRd eCaCfWVhif]V.`&[^kf]GVa<_Me^aCfkWlfaCf
n
YVaCf/vBV&]MV&e'_`'WVY:Z\[C]VG_Z\`/aﬀ`&a1fa<_fa^bwYV ]fWCf]WCfKb+d Z:a'
t`&]hAVG_Z:`&ak6hifp_]Zq<eCfk-keC]oY:VkWlfaCf`&[^kf]KifffaXYEd V['
k@fa^Wpf.b'f bC`&aCaLiffk,k@eC]ŁY:fk
n
V]Vholfp_]fkBZ:a/_]Z:a^klfq<eCfkKb'f Y:V
WV&hﬃif]V^u/keC]LkV
n
`<k@Z\_Z:`&a6k
n
V_ZVY:f!fp_#keC],YEd `&['}3f_,`&[k@f],if&v
`/e^kKa^`&e^k
n
YVRWp`/a^kKbC`&a^W.bCVa^k,Y:f.WV/k,b+d eCa^f WVhﬃif]V"aC`&a
WV&Y\Z:[C]Ciff `&[^kf]GVa<_Łe^a-`/['}3fp_
n
Y:V&a7~Bif`&hif_]Z:q<eCfh1fa<_ŁZ:a'
Wp`/aCae+v
U?d e'_Z:Y:Z:kVG_Z\`/a;b+d `/['}3fp_k
n
YVa^k
n
`&e^]?Y{d VeC_`'WV&Y\Z:[C]VG_Z:`&a
n
]Cifp
k@fa<_f"b'fe'6V_@_]V&Z_k,hAV}3feC]k
n
V]L]V
nCn
`&]_"lVY{d e'_Z:Y:Z:kVG_Z\`/a
bRd `&['}3f_k#_]Zb'Z:h;fa^kZ\`/aCaCfY:kq<eCfY:W`&a^q<eCfkvd eCaCf
n
V]_!Y:fk
k@e^]@tV/Wpfk
n
YVaCfk.k`&a<_"Z\ab,ifaCZV[^Y\fh1fa<_.Y:fk
n
]Z\h;Z\_Z:&fk Y:fk
n
Y:e^k1]f
n
]Cifk@fa<_Ciffkb^Va^k1Y:fk;kWlfaCfk;b'f7YVZ\foWp`/eC]V&a<_f&u
Wpf"q<eCZ
n
f]h;fp_#bRd faZ:kV~/f]?e^aCf"Y:V&]~/f~/V&h1h;f bRd V
nCn
Y:Z:WVG
_Z:`&a^k
n
`&eC]Wfp_VY:~&`/]Z\_^h1f/v'd Ve'_]f
n
V&]@_#YV]fW`&a^k@_]e^W
_Z:`&a
n
]`}3fW_Z\/f6b'f6kWlfaCfk
n
Y:V&aCfku
n
^V&kf$Z:a<_f]hﬃifb'ZVZ:]f
b'fwWV&Y:WeCY+e'_Z\Y:Zk'iff
n
V]a^`_]fﬀVY:~&`/]Z\_Ch;f/u'fk@_!V&kk@f"V&Z:kCiff
Wp`/h1h;fﬀaC`/e^kLY:fw&f]]`&a^kLbCV&a^kLYV
n
]fh;Z{lf]f
n
V&]@_Z\fwb'fwWfp_
V]_ZWpY:f&v

abCZ:k@_Z:aC~&e^f$bCVa^k"YVoY:Z__Cif]VG_eC]f;bCfe'
n
]Z:a^WpZ
n
V&Y\fkﬀV
n

n
]`W^fk$b'e
n
]`/[CY{lfh;fbRd Ve'_`WVY:Z\[^]V&~&f,Y:fk
n
]`'Wfkk@e^k
b'Z:]fW_kLf_#Y\fk
n
]`'Wfkk@e^kLk@_]VG_Z#ifkv
U?d Ve'_`'WVY:Z:[C]V&~&fLb'Z:]fW_f/uG_fY^q<eCfY:f
n
]`
n
`/kf" ﬁu&W`&a^kZ:k@_f
lVfk3_Z\h;f];bCZ\]fWp_fh;fa/_;Y:fk
n
V]Vholf_]fkZ\a<_]Z:a^klfq<eCfkfp_
fp_]Z:a^klfq<eCfkob'fk9WV&hﬃif]V/kVZ:a^kZwq/e^fY:Vg~Bif`&hif_]Z\fsb'f
Y{d `&[C}3fp_m`/[^kf]Kiffa]fk
n
fW_Va<_XeCa^fk@_]e^W_eC]ffeWpY:Z
b'Z:faCaCf/v
.V&a^k#eCa
n
]`'Wpfkke^k#bRd Ve'_`'WVY:Z:[C]V&~&f"k3_]V_Z\#ifA EuWpfwq<eCZ
fk@_AY\fWV/kAb'foaC`_]fohifp_C`'b'f&uBYV]fWp`/a^k3_]eW_Z:`&ab'fY:V
k3_]eW_e^]f7fe^WY\Zb'Z:faCaCfob'e
n
]`/[CY{lfh;f6a+d fk@_
n
V&k1`&[C_faeCf
b'Z:]fW_fh;fa<_v

a
n
]`'Wlfb'fbCV&a^k9e^a
n
]fh;Z\f]_fh
n
kglV
eCaCf]fWp`&ak3_]e^Wp_Z:`&a
n
]`}3fW_Z\/fb'fYVXk@_]e^Wp_eC]fﬃb'fgY:V
kWlfaCf
n
`/eC] fa^keCZ\_f1fpPfW_eCf] eCaCf1]fW_ZWVG_Z\`/a
n
f]h1f_@
_V&a/_bRd `&[C_fa^Z\]kV;k3_]e^Wp_eC]f fe^WY\Zb'Z:faCaCf/v
`&_]fﬃ[Ce'_sfk3_sb'f
n
f]h;fp__]fYEd Ve'_`WVY:Z\[^]V_Z:`&acbRd eCaCf
kWlfaCf
n
Y:V&a^VZ:]fbCVa^kKeCa$Wp`/a<_fp_f!b'f! 3_fh
n
kK]CiffY<ZbŁif`/ pv
,fWZKk@e
nCn
`<k@f6Y\fA_]V&Z_fh;fa<_bRd eCaCf6~&]Va^b'f$q<e^V&a<_Z\_Cif$b'f
b'`&a^aŁiffkLfa-eCa-_fh
n
k#_]lfkŁ]fk3_]fZ\a<_v
U+fkhif_C`'b'fk
n
]Cifk@fa/_CiffkbCV&a^ko Gfp_ k@`/a/_
n
fegfpt
WV/Wpf-Y\`/]kq<eCf6YEd `/ak`&eCVZ\_f$_]V&Z_f];eCa~&]Va^bﬃaC`&h[C]f
bRd Z:hAV~/fkv Z:a^k@Z 
n
]`
n
`/kf-e^aCfhﬃifp_^`bCf9bRd V&e'_`'WVY:Z
[C]V_Z:`&a[^V&kCiff;keC]ﬀY:V-]Cifk`&Y:e'_Z:`&abRd eCa
n
]`/[CY{lfh;f1bCfAh1Z\
aCZ\h;ZkV_Z:`&azaC`/amY:Z\aLifVZ:]f&va^fs_fY\Y:fshﬃifp_^`bCfsfk@__]lfk
f$WV/Wpf>Y\`/]kq<eCfY{d `&a b'Zk
n
`/kfsb'fq<eCfYq<eCfkoeCfk 3[CZ:fa
WC`&Zk@Z:fk ŁhAVZk!b'f<Z:fa<_"V&kk@fwWp`&a<_]V&Z\~/a^Va<_fﬀkZYEd `/ab'`/Z_
ifW^V&a/_Z\Y:Y:`&aCaCf]bCfk>Z:h;V&~&fkb^Va^keCaCf Zb,if`|rkf
n
`<k@f
fa
n
V&]@_Z:WeCY\Z:f]AY:f
n
]`&[CYElfh;fb'ejWC`/Z bRd Z\hAV~/fkA 
n
f]@_Z
aCfa<_fk xv
aCf#hifp_C`'b'f#b'fWV&Y\Z:[C]VG_Z\`/a7rf_?aC`&a
n
V/kBbRd V&e'_`'WVY:Z\[C]VG
_Z:`&ax
n
]^ifkfa<_CiffLbCVa^k! 
n
f]h;fp_?b'fkd VGP]V&a^WCZ:] bCfLWfp__f
n
^V&kf7b+d `
n
_Z:h;Z:kVG_Z\`/a
n
V];YV9Y:Z\aLifV]ZkV_Z:`&ab'egk'k@_lfh;f
bRd Z:a^W`&aCaeCfkv
UV hﬃifp_^`bCf
n
]Cifk@fa/_CiffLbCVak# GEuG[CZ:fa;q<eCf
n
]Cifkfa<_V&a/_ eCa
WV]V&Wp_lf]fB]CifWeC]kZ\t3ua+d fk@_
n
V/k+fa<ZkV&~&fV[CY:fBaC`&a
n
Y\ek2bCV&a^k
aC`_]f;WV/k
n
e^Z:kq<eCfY:f1aC`&h[C]f1b'f
n
V]Vholfp_]fklV7fk@_Z:h;f]
Wp]`
	\_LY:Z:aŁifV&Z\]fh;fa<_#V&fW!Y:fﬀaC`&h[C]f bRd Z:h;V&~&fkŁ_]VZ\_Ciffkv
`_]f$V
nCn
]`'WCfAk3_]V_Z\Liff$b'e
n
]`/[CY{lfh;f$bRd V&e'_`'WVY:Z\[C]VG
_Z:`&afk@_1lVA]V
n^n
]`'WCf]b'f6Mq<eCZ
n
]`
n
`/kf"eCaCfhif_C`'b'f
bRd V&e'_`'WVY:Z\[C]VG_Z\`/a b'Z\]fWp_fhAV&Z:kZ_Cif]VG_Z:&fﬃe'_Z:Y\ZkVa<_eCa
`&['}3f_
n
Y:V&a^VZ:]f/v
`&ek,ke
nCn
`/kf]`&a^k,bCVakKYVkeCZ\_f"q/e^f!Y:fk
n
V]Vholfp_]fk?Z:a'
_]Z\a^klfq<eCfkwb'f7Y:VWVhﬃif]Vk@`/a<_b'fkGV]Z:V&[CY\fk"Z\aWp`&a^a<e^fk
h;V&Z:kWp`&ak3_Va<_fkv,f6q<eCZ?]fZ:fa<_6lVb'Z:]fAq<eCf;_`/e'_fkﬀY:fk
Z\hAV~/fk"b'f1Y:Vok'ifq<eCfa^Wpf1`&a<_ifp_CifAV/Wq<eCZk@fk1lV7Y{d VZb'f;bRd eCaCf
WVhif]VŁZ:a^Wp`/aCaeCfBhAVZk+b'`&a<_+Y:fk
n
V]Vh-lfp_]fkPZ\a<_]Z:a^klfq<eCfk
]fk3_fa<_Wp`&ak3_Va<_kv
UV
n
]fh1ZElf]f
n
V&]@_Z\fb'fWfp_-V&]@_Z:WY\ffk@_-Wp`/a^kV&Wp]^ifflVﬃY:V
n
^V&kf!b'f.]fWp`/a^k3_]eW_Z:`&a
n
]`}3fW_Z:&fbCfY:VkWlfaCf/v/U2Vﬀ]fW
_Z\WV_Z:`&ambCfWfp_@_f>]fWp`&ak3_]e^Wp_Z:`&a
n
f]h;fp_uŁ_fYwq<eCfY\f
n
]Cifk@fa<_f;Y:V
n
V]_Z:f$b'fe'Rub+d fk3_Z\h;f]ﬀYVo~Bif`&hifp_]Z:f;fe^WY\Z\
b'Z\faCaCfwb'fwWfp__fwkWlfa^f&vCUV_]`/Z:kZ{lfh;f
n
V]_Z:f"bŁifWp]Z\_Y{d e'_Z\
Y\ZkV_Z:`&aob'eo^Y\_]fﬀb'fﬀVY:hAVa-bCVa^kY\f
n
]`'Wpfkke^kLbRd Ve'_`
WVY:Z:[C]V_Z:`&asZ\_Cif]V_Z:&f&v?a'a+uMb^Va^keCaCfoq/eVG_]Z{lfh;f
n
V&]@
_Z:f&uaC`&ek
n
]Cifk@fa/_`&a^k,q<eCfYq<eCfk,]Cifk@e^Y_VG_k,fp
n
if]Z:h;fa<_V&e'
VZ:a^k@ZPq<e+d eCaCf"Wp`&h
n
V&]V&Z:k`&aAV/fW#eCa^f.hifp_C`'b'f
n
Y\e^kLWY:V/k3
k@Zq<eCf"e'_Z:Y\ZkVa<_#eCaCfﬀ`
n
_Z:h1ZkVG_Z:`&a-aC`/a7Y:Z\aLifVZ:]f.~/Y\`/[^VY:f&v
 
ﬁ

y!'&()&y $
ﬁ
)&ﬂ
ﬁ
ﬃ
ﬀ
ﬁ
!å#
ﬁ

ﬁ
$ﬀ	
ﬁ
.V&a^kBWpf_@_f
n
V&]@_Z\f/uaC`&e^kBk`&e^^VZ\_`/a^kfk3_Z\h;f]Me^aCfL]fWp`&ak3
_]e^W_Z\`/a
n
]`&}3fWp_Z:&fAb'e
n
YVa`/[^kf]KifAbCV&a^kwYVkWlfa^f&v
!f
n
V&]@_YV k3_]e^Wp_eC]f
n
Y:V&a^VZ:]fb'fsYEd `&['}3f_o`/[^kf]Kif/uLY\f
n
Y:V&a fp_KkfkBb'Z\!if]fa<_fk
n
]`&}3fWp_Z:`&a^kﬁﬀbCVa^k Y:fk?Z\hAV~/fk
k@`/a/_ Y:Zpiffk2Y\Z:aLifV&Z\]fh;fa/_
n
V&]Mb'fkMC`&h;`&~/]V
n
CZ:fk2Wp`&h;h;fŁY\f
h1`/a<_]f YV^~&e^]fﬂ&v
 Z:a^k@ZEu+YV
n
]`&}3fWp_Z:`&aﬃﬁﬀbRd eCa
n
`&Z:a/_! b'e
n
YVa"bCV&a^k
Y{d Z\hAV&~&f#aeChﬃif]`ﬀZkf]Vﬀb'`&a^aŁiff
n
V]?YV"]fY:V_Z:`&aAkeCZ\GV&a/_fw
#%$&ﬀ' )(*ﬃﬁﬀ
+,.-./'012-./'3ﬁ465879,;:3ﬁ03=<ﬁ>
1@?:/A79,CB.V&a^k+a^`_]f?WV/kuY:V
n
`<k@Z\_Z:`&ask
n
VG_Z:V&Y\f;b'e
n
YVaDfk@_wZ:a^Wp`/aCaeCf&u+kfeCY:fkﬀk`&a<_
Wp`&a^a<e^fkY:fk
n
]`}3fW_Z:`&akb'f;q/e^fYq/e^fk
n
`&Z:a<_k b'fWf
n
YVa
bCVa^k?Y\fk?Z:h;V&~&fkv

aAaCf
n
feC_Łb'`/a^W
n
V&kKb'Z\]fWp_fh1fa<_KWVY\
WpeCY:f]"Y:fk hAVG_]ZWpfkE#
$&ﬀ
n
f]h;fp__Va<_ﬀeCaCf;]fW`&a^k@_]e^W_Z\`/a
fe^WY\Zb'Z:faCaCfﬀb'e
n
YVav
F4Yfk@_AaLifV&aCh;`&Z:a^k
n
`/kk@Z:[CY:fob+d fk3_Z\h;f]AY:fk$h;V_]Z:Wfk#ﬂﬀHG
n
`/eC];Z#fp_ﬀ}1aC`&agaeCY:kvJIZ#YEd `/agbCZ:k
n
`<k@fob'fLK
n
`&Z:a<_kAb'e
n
YVa9V
n^n
V]Zpifk#bCVak!W^V/WpeCaCfwbCfk!bCfe'oZ\hAV&~&fkrMKNPOxu
`&a
n
feC_ f
n
Y\`/Z_f]!YV$]fYVG_Z\`/akeCZ\GV&a/_f
n
`&eC] fk@_Z:h;f] Y:V
hAVG_]ZWpfE# ﬀHG 
ﬃ G (P# ﬀHG ﬃ ﬀQ ﬃ G!R # ﬀHG ﬃ ﬀ (PS
`+leTﬃ RTU ]f
n
]Cifkfa<_f Y\f
n
]`'b'eCZ\_#&fW_`/]Z:fYRb'fEﬃ
n
V&] U v
,fwk'k@_lfh1fwb+d3ifq/eVG_Z:`&ak#fk@_!Y:Z\aLifVZ:]fﬀkfY:`&aoY:fkoifYpifh;fa<_k
b'fV# ﬀHG fp_
n
fe'_;k@f6h1f_@_]f6k`&ekﬀY:Vt`&]h1f6WX:Y Z([S`+le
Wfk3_ eCaCf1hAVG_]ZWpf\]KP2^7bŁif
n
fabCVa<_ bCfk_<rMﬃa`
ﬀ2b
ﬃa`
G
x
b&c
(
]ded Kgff_6:8Y Zh( r'iajkj
ﬀlG b
iajnm
ﬀlG b
dedd
b
iﬁopo
ﬀHG
xqv,U2Vsk@`/Y\e'_Z\`/a b'f9Wpf
k'k@_lfh1fAfk3_bC`&aCaLiff
n
V]Y\fA/fW_feC]wkZ:aC~&eCY:Z:f]V/kk`'WpZpiflV
Y:V
n
Y:e^k
n
fp_Z_fﬀV&Y\feC]kZ\aC~/eCY:Z{lf]f"b'fﬀYVhAV_]Z:WfEWv

a
n
`&eC]]VwaC`&_f]ŁYEd fZk@_VaWpf"bRd V&Y\~/`&]Z_Ch;fk,b'f _]V&W&rZ\a^~
_fY:kLq<eCf; OGﬁu
n
f]h;f_@_V&a<_ŁYEd fk3_Z\hAV_Z:`&a6b'fk;#%ﬀHG fa$_fh
n
k
]CiffYEv
sV79t]3=4,u-.>
vtw-x/A3=4T?8>y39z.79t]-./M{=7=B UV
n
]`}3fW_Z:`&a"b'e
n
YVa
bCVak,e^aCf.Z:hAV~/f q<eCfY:W`&a^q<eCfifp_V&a<_ŁY:Zpiff$lVkVw]fW`&a^k@_]e^W
_Z:`&a>feWpY:Z:b'Z:fa^aCf
n
V]ﬀe^aCfAC`&h;`/~&]V
n
CZ:f&uPaC`/e^k
n
`&eC/`&a^k
WC`&ZkZ\]V&][^Z_]V&Z\]fh;fa<_+YV
n
]fh;Z{lf]f?Z\hAV&~&f
n
`&eC]2C'f]2eCaCf
[^V&kf
n
]`}3fWp_Z:&fb'f9]fW`&a^k@_]e^Wp_Z:`&a+vBUV
n
]`&}3fW_Z\`/agbCfk
n
`/Z\a<_kBb'fLY:V
n
]fh;Z{lf]f,Z:hAV~/f,/f]k Y\fkBVe'_]fk2Z:hAV~/fkBkf]V
b'`&a^aŁiff
n
V&]#Y:V1]fYVG_Z:`&a
ﬃ2G|(*#
j
Guﬃ
j
} ~
()
ﬁ ﬁ
á
ﬃ

ﬁ
ﬀ
ﬁ*ﬁ
 	

		&
;
ðñ
´-ôZ´

´aŁ&·
²
´Ł
`/e^k e'_Z\Y:Zk@`/a^k eCa h1`'bRlfY\f b'f WVhﬃif]V b'Z\_  4_]`/e
bRd3if
n
Z:aC~&Y:f  q<eCZﬃW`&]]fk
n
`&a^b~Bif`&hﬃifp_]Zq<eCfh;fa<_ lV eCaCf
n
]`}3fWp_Z:`&a
n
f]k
n
fW_Z\/f$b'fk
n
`/Z\a<_kwb'f$YV9kWlfa^f$bCVa^kwY\f
n
YVaZ:hAV~/f&vGUV.hAVG_]ZWpf;\!O"b'f
n
]`}3fWp_Z:`&a
n
fe'_@&	fp_]f
]f
n
]Cifkfa<_CiffzlVzYEd V&Z:bCf bCfk
n
V&]V&h-lfp_]fkZ:a<_]Z\a^klfq<eCfk>fp_
fp_]Z:a^klfq<eCfkLb'eoWV
n
_feC]Wp`/h1h;fﬀkeCZ_w
(h;rA
o 
x rx
 fk3_wZWpZ?e^aCf$hAVG_]ZWpf;`&]_^`&~&`/a^VY:f1fp_

eCas&fW_feC]wb'f

oA_]V/b'eCZkV&a/_w]fk
n
fW_Z\/fh;fa<_YV
n
`/kZ_Z\`/afaﬃ]`&_VG_Z\`/a
fp_-_]Va^kYVG_Z:`&ajbCfYVﬃWVhﬃif]VbCV&a^k-Y{d fk
n
V&Wf&v; fk3_oY:V
hAVG_]ZWpf\!\ b'fk
n
V&]V&h-lf_]fk2Z\a<_]Z:a^klfq<eCfk2b'fLY:V WV&hﬃif]V
q<eCZ
n
fe'_@&	fp_]fifWp]Z_f"k`&ekLY:Vt`&]h;f;
(=  
$
S
=   
$
S S 
¡¢
`+le r

$
b
 
$
xk@`/a<_9Y\fkWp``/]b'`/aCaLiffkb'e
n
`&Z:a<_
n
]Z\aWpZ
n
VY
bCVakﬀY{d Z:h;V&~&f/u,r
=
b
= 
x Y:fkw]V
n^n
`/]@_b'f6Y:Vot`'WVY:f$k@eC]Y:V
_V&Z\Y:Y\fb'fk
n
Z'fY:k!faY:Z\~/aCfwfp_ fa9W`&Y:`&aCaCf/u^f_

Y:fwtV/W_feC]
bRd `&[CY:Z:q<eCZ\_Cif/v

HImage 1
Image 2
Image 3
Plan 3D
01
H02
H
H03
23
H12
  oUV
n
Y:V&aLifZ\_Cifb'fYEd `/['}3fp_.`&[^kf]KifﬀZ\a<_]`'b'eCZ\_ b'fk]fYVG_Z\`/a^k#Y:Z\aLifVZ:]fk
n
V&]@_Z:WeCY:Z{lf]fk#fa<_]fwYEd `/['}3fp_.Y\eCZMhT	fh;ff_ kfk
n
]`&}3fWp_Z:`&a^kLbCV&a^kLY\fkLZ\hAV&~&fk
;
	 
Ł 
ñ
¶k´ Łµ
ñ
ô¶á´ ´
ò
µ
ñ
· Ł4´
7ﬀg48/A-./A3=4B U2VﬀWp`&a^Z:q<eCfV&[^k@`/Y\e^fﬂﬁﬃ fk@_KeCa^fWp`&a^Z:q<eCf
Wp`&h
n
Y:fp'fbCe
n
YValVYEd Z\a'aCZ ﬃov,Ufk
n
`/Z\a<_k6b'f"!m
 ( r#
j
b
#
m
b
#
o
xq b'e
n
Y:V&a lVY{d Z\aC^aCZ#V
nCn
V]_faVa<_olV
Wpfp__fwW`&aCZq<eCf"Kif]Z\^fa/_LYEd3ifq/eVG_Z:`&a
#hm
j$
#hm
m%$
# m
o
(PS
`&e-fa^W`&]f1@ Tq&ﬁ
ﬃ
 )( 6q  )(*S^v
B_V&a<_ b'`/aCaLife^aCfhAV_]Z:Wfb'f
n
]`}3fWp_Z:`&a  (  ;rA
 
x
fp_.e^a
n
`/Z\a<_#'ﬃ (|r#
j
b
#
m
b
#
o
b
S/xkq b'f ﬃ-uYV
n
]`}3fW
_Z:`&abCe
n
`&Z:a/_%#'ﬃ
n
V&].YV$hAVG_]ZWpf1b'f
n
]`&}3fWp_Z:`&a fk3_
b'`&aCaLiff
n
V]#YV1]fY:V_Z:`&a
ﬃ ( %#'ﬃ
( h;rA
 
xpr#
j
b
#
m
b
#
o
b
S/x
q
( h)(#
`Rle*(# (cr#
j
b
#
m
b
#
o
x
q
v

a
n
feC_b,ifb'e^Z\]fAb'f$Wpf_@_fA]fYVG_Z\`/aq<eCfAYEd ^`&h;`&~/]V
n
CZ:f
#su,q<eCZ.h1f_6fajW`&]]fk
n
`&abCVa^Wf7Y:fk
n
`/Z\a<_k$b'e
n
YValV
Y{d Z\aC^aCZV&fW$Y:feC]
n
]`}3fW_Z:`&abCVa^k1eCa^f-Z:hAV~/f&u
n
fe'_$k@f
h1f_@_]fwk`&e^kŁYVt`&]h1f# (h1v
!f
n
Y\e^kufaﬀe'_Z:Y:Z:kVa<_+YV#]fY:V_Z:`&a"bRd `&]_C`/~&`&aVY:Z_Cifq  (
^u'YEd Z:hAV~/f,+b'f YVW`&aCZq<eCf V&[^k`&Y:eCf-ﬁﬃ
n
feC_#kf h1f_@_]f
k@`/e^kLY:Vt`/]h;f;
+"(#/.
q
C#/.
j
( r'hﬀx0.
q
rA "x1.
j
(crAh
q
x0.
j
rE&x

a
n
fe'_7]fh;V&]qq<eCf]1q<eCfWpf_@_f]fY:V_Z:`&aﬃfk3_$Z:a^bŁif
n
fa'
bCVa<_fﬀb'fﬀYV
n
`<k@Z\_Z:`&aob'eWV
n
_feC]#bCVakLY{d fk
n
V&Wf&v
2X3=/A4a-., t43t45A/
6 v879,CB B_Va<_b'`&a^aŁifﬃeCa
n
Y:V&a  b'fY:V
kWlfaCf/uYEd Z:a<_f]kfW_Z\`/asb'f7Wf
n
YVaV/fW;Y:f
n
YVaXlVYEd Z\a'aCZ

ﬃ
t`&]h;fYVwb']`&Z\_f,7
ﬃ
v/Ufk
n
`/Z\a<_k,b'fYVwb']`&Z\_f7
ﬃ
b'eVG
Y\Zk@fa<_YEd fk
n
V/Wpf6bCfk1b'Z\]fWp_Z:`&a^kb'e
n
YVa wv ?aﬃb+d V&e'_]fk
_f]h;fku?eCaCfb'Z\]fWp_Z:`&a ﬃXb'e
n
YVaP W`&]]fk
n
`&abmlV>eCa
n
`/Z\a<_!keC]#Y:V;b']`&Z\_f%7
ﬃ
fp_]CifWpZ
n
]`'q/e^fh;fa<_v

aﬃV
n^n
fY\Y:f
n
`&Z:a<_k1W'WpY:Z:q<eCfkbCf6wu Y:fk;b'Z:]fW_Z\`/a^k98 (
rn
b:&b
S<xqgfp_-;"( rn
b=<ﬂ:&b
S<xq b'e
n
YVahv+,fk.bCZ\]fWp_Z:`&a^k
Wp`/]]fk
n
`/a^b'fa/_lV>b'fk
n
`&Z:a<_kAb'f>7ﬃ q/e^ZV
nCn
V&]@_Z\faCaCfa/_
b'`&aW V&e^kk@ZKlVﬂ
ﬃ
v

a
n
fe'_!h;`&a<_]f]q<eCfﬀWfk
n
`&Z:a<_k#`/a/_
Y:V
n
V]_ZWpeCYV]Z_Cif$bRd	fp_]fAZ:a<GV&]ZVa<_kﬀV&e'_]Va^k@t`&]hAVG_Z:`&ak
b'fB_n
n
f?k@Z:h;Z\YV]Z_Cif&vUfeC]k+W`<`/]bC`&aCaLiffkRkf]`&a<_+b'`&aW Z:b'fa'
_Zq<eCfkBbCV&a^kMY\fk ]f
n
lf]fkMY:ZpifklVEf_.lV|
ﬃ
bPlfk Y:`&]k q/e^fLWfk
n
YVa^kkf]`&a<_!V/kk`'WpZpifklVAb'fk!k@_]e^W_eC]fk#hifp_]Zq<eCfkv,fWpZ
n
f]h;f_#b+d3if_V[^Y\Z:]#Y\fkL]fY:V_Z:`&aok@e^Z\GVa<_fk 
8
q
ﬁ?ﬃ'8(rn
b:&b
S<xn rn
b:&b
S<x
q
(*S
;
q
ﬁﬃ?; (rn
b:&b
S<xn rn
b:&b
S<x
q
(*S
h;`&a<_]Va<_!q<eCfwY:fk
n
`/Z\a<_k@8ﬀfp_@;V
nCn
V&]@_Z\faCaCfa/_lV$Y:V$W`
aCZq/e^f V&[^k@`/Y\e^f%ﬁ
ﬃ
v

a6f
n
Y\`/Z_f]VWfp_@_f"]fY:V_Z:`&a
n
V]LY:V
k@e^Z_f-fa ]fh;V&]q<e^V&a<_;q<eCfoYV
n
]`&}3fW_Z\`/agbCfoWfk
n
`&Z:a<_k
bCVake^aCfZ\hAV&~&foV
nCn
V&]@_Z\fa<_lVYV
n
]`}3fW_Z\`/ab'foYVW`
aCZq/e^f"V&[^k`&Y:eCfﬀbCVa^kLYEd Z\hAV~/f&v
 `&eC]
n
Y:e^k#b'fwbŁif_V&Z\YkLk@eC]#YEd e'_Z:Y\ZkVG_Z:`&a-b'fﬀYVW`&aCZq<eCfﬀV['
k@`/Y\e^fAﬁ
ﬃ
fp_ bCfk`&aZ:h;V&~&f+u`&a
n
`&e^]]VAk@f]f
n
`/]@_f]lV
 \GEv
;'
±
´-ônŁ
òBÄñ
´
4ò
Ł´DC
ñ
·
ñ
ŁE-C

´FEônŁHG

Ł

:´´
ò
· Ł
ò


1´

´IEX
ñHJ
´ 
òBÄñ

ajk@f
n
Y:V/Wpfb^Va^k7Y\fWV&k6`+le Y:f
n
YVa `/[^kf]Kif9b^Va^k7Y:V
kWlfaCf>V
n
`/eC] ifq<e^V_Z:`&a)K ( S^vXI`&Z\_eCa
n
`&Z:a<_h (
r#
j
b
#
m
b
S
b
#Lx
q
b'fjYV kWlfaCf/uw]CifRifW]Z\_k@`/e^ksYV t`&]h1f
(
# ( r#
j
b
#
m
b
#?LxqLuRf_k@`/a
n
]`}3f_Cif;bCVak.YEd Z\hAV~/fM (
rMﬃ
j
b
ﬃ
m
b
ﬃ
o
xv

a
n
fe'_ﬀVY:`&]kY:Z:f] Y\fk W``&]b'`&aCaLiffk!b'f1Wfk
n
`/Z\a<_k#k@fY\`/a7Y:fk#b'fe' ifq/eVG_Z:`&ak#k@eCZ:GVa<_fk 
#
(
# (NM r'\/x
! (OM>P h

 S
S 

S S
¡¢
(#(OM rAO<x
\
,fp_@_f#]fY:V_Z:`&aifp_Va<_?Kif]Z#iff#q/e^fYq/e^fLk`&Z\_?Y:f
n
`/Z\a<_J b'e
n
Y:V&a+u'`&a
n
fe'_fa-bŁifb'eCZ:]f YV;]fYVG_Z:`&a
# (h[
 S
S 

S S
¡¢
r &x
U+fﬀtV&Z_.bCfk@f
n
Y:V/Wpf].bCVa^k!eCaCfW`&a'~&eC]VG_Z\`/a6`+leY:f
n
YVa
`&[^kf]KifoV
n
`&e^]gifq<e^V_Z:`&aK ( S>a+d V
n
V&k$b+d Z:a^WpZb'fa^Wpf
k@eC].Y\fk!]^ifkeCY\_V_k
n
]^ifWPifb'fa<_va?afpPfp_ukZ Wpfad fk3_
n
V&k.Y\f
WV&ku'Z:Yk@e@1_!b+d ffW_e^f]#eCaW^V&aC~&fh1fa<_Lb'fﬀ]f
n
lf]f1reCaCf
]`&_VG_Z\`/ax
n
`/eC]kd 6]Vh;faCf]v
; 
ñ
:·L¶ônŁ
òBÄñ 
´-µ
²
´

¶Ł
òBÄñ
µ

Ł¶
òÙñ
G
aŁ&ô

@Ł
ò Zñ
.V&a^k6Wfp_@_f
n
V&]@_Z\f/uKaC`/e^k6k`&eCVZ\_`&akﬃifp_V&[CY:Z\]7eCaCf9]fYVG
_Z:`&agfa<_]foY\fk
n
V]Vholfp_]fkZ:a<_]Z\aklfq/e^fk;b'e WV
n
_feC];fp_
Y\fk$C`/h1`/~&]V
n
^Z\fkY:ZVa<_6Y:fk
n
`&Z:a<_k$bCe
n
YVaP lV>Y:feC]k
n
]`&}3fWp_Z:`&a^kLbCV&a^kLY\fkLZ\hAV&~&fkv
2E>
790/7>
7 12??8>y3t
:7=B B_V&a<_b'`&aCaLifseCaCfC`/h;`&~&]VG
n
CZ:fL# Y:Z:V&a/_AYVk@_]e^Wp_eC]f7fe^WpY:Zb'Z\faCaCfb'e
n
YVa  `/['
k@f],ifslVk`&aZ\hAV~/f&u YV
n
]`&}3fW_Z\`/a Mmb+d eCa
n
`&Z:a/_  b'e
n
Y:V&a6bCV&a^kKYEd Z\hAV~/ffk@_ŁbC`&aCaLiff
n
V&]!9#  )(OMBv9Ka
n
V&]@_Z
WpeCY:Z\f]u^Y:V
n
]`&}3fW_Z\`/ab'fk
n
`&Z:a<_k.W'WpY:Z:q<eCfk,8(r
b:&b
S/xq
fp_; (cr
b <ﬂ:pb
S/x
q
kf]Vwb'`/aCaLiff
n
V].#"8(*/+f_ # ; ( z/v
IZYEd `&aAaC`&_fﬂ+sYV
n
]`&}3fWp_Z:`&aAb'f!YVﬀWp`/aCZq/e^f!V[^k`&Y:eCfbCV&a^k
Y{d Z\hAV&~&f&u'`/a-V;bRd V
n
]fkLY{d3ifq<e^V_Z:`&a-7 + ( r'hq?x
.
jv
U+fk
n
`/Z\a<_kW'WpY:Z:q<eCfk+V
n^n
V]_fa^Va<_?lV,ﬁ
ﬃ
upY\feC]
n
]`}3fW_Z\`/a
V
nCn
V&]@_Z\fa<_#bC`&a^WAlVA+m
8
q
#
q
rA 
q
x0.
j
#"8(*S
;
q
#
q
r'h
q
x
.
j
# ; (*S
,fkb'fe'mk k@_lfh;fkobRd3ifq<e^VG_Z\`/a^k-t`&e^]aCZkk@fa/_oY:fkb'fe'
ifq<e^VG_Z\`/a^k1Z\ab,if
n
fa^b^Va<_fk;e'_Z:Y\Zk'iffk;bCV&a^k;aC`&_]f
n
]`'Wpfk3
k@e^k#b+d V&e'_`'WV&Y\Z:[C]VG_Z\`/a
:
	
q
+J:
	
<
:

q
+J:
(*S r/x
:
	
q
+J:
E(S r x
`Rle:
	
fp_%:

k`&a<_bCfkw/fWp_fe^]kWp`&Y:`&a^aCf$b'f$YVhAVG_]ZWpf
#sv

79t]3=4587 12??8>y3t
:7ﬁB !aCf7V&Y_f]a^VG_Z\/f9lVY:Vt`&]heCYVG
_Z:`&a
n
]CifWPifb'fa/_f#Wp`&ak@Zk3_flV"e'_Z:Y:Z:kf]?YVﬀk@_]e^W_eC]f
n
V]_ZWpe'
Y\Z{lf]fb'e
n
]`'b'eCZ\_|#hqH+J#vﬁ?aff_uPk@Z2Y{d `&ak@fw]f
n^n
`/]@_lV
Y{d3ifq<e^V_Z:`&a 'u+`/a
n
fe'_ffW_e^f]wY:f6bŁif&fY:`
n^n
fh1fa<_k@eCZ\
V&a<_"
#
q
+J# ( 

 S
S 

S S
¡
¢
q

q
 

 S
S 

S S
¡
¢
(

 S

j
S 

m

j

m
-xqg-
¡¢

a
n
fe'_?VY:`&]ku
n
V&]wifY\Z:h;Z\a^V_Z:`&a1b'ewtV/W_feC]BbRd3ifWCfY\Y:f&ufp
_]VZ:]fLb'feC>ifq<e^V_Z:`&a^kMZ:a^bŁif
n
fabCVa<_fk b'f#Wpfp__f#]fYVG_Z\`/a6
:
	
q
+J:	
<
:

q
+J:
 ( S r{/x
: 	
q
+J:  ( S r'^/x
q<eCZBk@`/a/_ Z:bCfa<_Zq<eCfk Ve'zifq<e^VG_Z\`/a^k7fp_AbŁif^aCZ:fk
n
]Cifp
WPifb'fh;h;fa<_v
; 
²
´
ÂòBZñ[
¶ EX
ñ
ô

´F· ´

Ł 
²
´Fµ
ñ
¶

:´
sO795v8t]-./A3=4 58v43ﬁ08>y7 5e/A4t]3=484 v79,]B U`&]kb'f-Y:V
n
^V/k@f>b'fs]fWp`/a^k@_]e^W_Z\`/ajZ\a^Z_Z:V&Y\f/u#aC`&e^koa^`&e^kk`&h;h;fk
n
YV&WPifsbCV&a^koYV [^V&kf
n
]`&}3fWp_Z:&f>b,ifp^a^Z\f
n
V&]Y:V
n
]`&}3fW
_Z:`&a9b'e
n
Y:V&ahb^Va^k!Y:V
n
]fh1ZElf]fwZ:hAV~&f/v,`&h;h;fa^`&e^k
Y{d V&`/a^kewbCVa^k+Y:V
n
V&]@_Z\f
n
]CifWPifbCfa<_f/u Y:fk.ifq/eVG_Z:`&akLfp_g
k@`/a<_2GVYV[CY:fkMeCa^Z:q<eCfh1fa<_ bCV&a^kMY\fLWV/k`+leYEd ^`&h;`&~/]V
n
CZ:f
#Y\Z:fa<_Y:fk
n
`&Z:a<_k+bCe
n
Y:V&awuV/kk`'WpZpiflVLeCaCfKk@_]e^W_eC]fBfe'
WpY:Z:bCZ\faCaCf&ulV1Y:feC]k
n
]`}3f_CifkLbCV&a^kLY:fkLZ:h;V&~&fkv^,fkL^`&h;`
~&]V
n
^Z\fkWp`/]]fk
n
`&a^b'fa<_Ve'hAV_]Z:WfkV_x#%$pﬀ
b:
( ]ded Kgf
b'fAYV6~&eC]fL$q/e^ZKk@`/a<_ﬀbCfkﬀZ:a^Wp`/aCaeCfkﬀb^Va^kﬀa^`_]fAWV/kv
oifVaCh;`&Z:a^kuG_`/eG}3`&e^]k?b+d V
n
]lfkBYV"^~&e^]f/u&aC`/e^k
n
`&eC/`&a^k
fp
n
]Z\h;f] Y:fk%_
# $pﬀ
b:
( Cdd KgfAfat`&a^Wp_Z:`&a^kﬀbCfﬂ# $
j
rZ:a'
Wp`/aCaeCfxpuf_ﬀbCfk_x# ﬀlG
b :&bﬀ
( Cdd Kgf-r{WVYWpe^Ypiffk Y\`/]k.b'f;Y:V
n
^V/k@fﬀb'f"]fWp`/a^k@_]e^W_Z\`/a6Z:aCZ_Z:V&Y\fx.
#
$&ﬀ
(*#
$
j
#
j
ﬀ
r.S/x

a6kf.]Vholfa^f.VY:`&]k.lVeCaw}3fe7b'f
n
V&]V&h-lf_]fkK]fk3_]fZ\a<_"lV
fk@_Z:h;f]1YEd Z\hAV~/fb'f1YV6Wp`/aCZq/e^f1V&[^k@`/Y\e^f+Xfp_"YVA_]Vak3
t`&]hAVG_Z:`&a6#
$
j
v

a
n
fe'_Wp`/a^k@_VG_f]#q<eCf"WpfŁ}3feob'f
n
V]VG
h-lfp_]fkLa^f"bŁif
n
fa^b
n
V/k#b'eoaC`&h[C]f"bRd Z\hAV&~&fkŁ_]V&Z_Ciffkv
UV
n
V&Z\]fﬀbRd3ifq<e^VG_Z\`/a^kﬁ;f_E~BifaŁif]Ciff
n
V&]!W^V&q<eCf"Z:hAV~&f
rkVe'tPYV
n
]fh;Z{lf]fxuGa+d fk@_
n
V/kBY:Z\aLifVZ:]f#fa;t`&a^Wp_Z:`&aAb'f!Wfk
n
V]Vholf_]fkvu?awff_uY:fkMWp`&h
n
`/kVa<_fk _
:
Z
bﬀ
(
b
9fK]fp
n
]Cifkfa<_fa/_2Y:V
ﬀﬂ
ﬃ !ﬃ
W`&Y:`&aCa^fKb'fKYVhAV_]Z:WfJ#%$pﬀ (#%$
j
#
j
ﬀ
`+le
:
fk3_wY:f$aeChif]`b'f$YEd Z:hAV~/f_]V&Z_Ciff/v

a>&f]]V-b^Va^k
Y:V
n
V]_Z:f$k@e^Z\GVa<_f6Wp`/h1h;fa/_ﬀ_]V&Z_f]Wf
n
]`&[CYElfh;f6b^Va^k
Y\fﬀW`&a<_f<_fﬀbRd e^a7Y_]V&~&f"b'f!ﬀVY:hAVa+v
+,.-./'012-x/A3=4587 #
$
j
7-57 +B U2VhAVG_]ZWpfV#
$
j
fk3_
eCaCf C`&h;`/~&]V
n
CZ:f
n
f]h;fp_@_Va<_b'f ]fWp`&ak3_]eCZ:]fY:V1k@_]e^W
_eC]f!hif_]Z:q<eCf!bCe
n
YVaVv

a
n
fe'_LY:VwbŁifWp`/h
n
`<k@f],k`&e^k
Y:Vt`/]h;f9bRd eCa
n
]`'b'eCZ\_6b'f9hAVG_]ZWpf #%$
j
( # "# $|b'f
hAVaCZ{lf]fVa^V&Y\`/~&eCfwlVﬀYVﬀbŁifWp`&h
n
`/kZ_Z\`/a
n
]`
n
`<k'iff
n
V]  \ﬁv
# $
n
f]h;fp_6b'f]CifWpe
n
if]f]AY:Vsk@_]e^Wp_eC]fVyAaCfb'e
n
YVa
lV
n
V&]@_Z\] b'fkV$k@_]e^W_eC]f
n
]`&}3fWp_Z:&f&vﬁ#
"
]fW`&a^k@_]eCZ\_.kV
k3_]eW_e^]fﬀhifp_]Zq<eCf7lV
n
V]_Z:]!b'fkVAk3_]eW_e^]fVwAaCf&v

a
n
fe'_h;fp__]f Y:fkLhAV_]Z:Wfk
n
]CifWPifb'fa/_fkLk`&e^kLYVt`&]h1f;
#
"
(&%
 '
{8q (
fp_#
$
()%
 '
'=q *(
`+le! fk3_MeCaCfKhAV_]Z:WfB_]Z:V&aC~&e^Y:V&Z\]f?k@e
nCn
if]Z:feC]fKq<eCfKa^`&e^k
aC`&]hAVY:Z:k`&akLfaZ:h
n
`/kVa<_
c
jkj
( &v

ao`&['_Z\fa/_ VY:`&]k#Y:V
t`&]h;fŁkeCZ:V&a<_f,bCf;#
$
j
q/e^ZbCfZ\fa<_2t`/a^W_Z\`/ab'fkBq/eVG_]fk
n
V]Vholf_]fk,+
b.-
b0/wb01

#%$
j
(

2+ S
S
-
S
/31

¡¢
O
,fp_@_fot`&]heCYVG_Z\`/a
n
fe'_ 	f_]f-Z:a<_f]
n
]^ifp_Ciff-fag_f]h;fb'f
]fW_Z\WVG_Z:`&ab'fk
n
`/kZ_Z\`/a^kb'fY:V$bC]`/Z_f6lVAY{d Z:a'^aCZMfp_.bCfk
n
`/Z\a<_k#Wu'WpY:Z:q<eCfk#Wp`&h;h;f"Y\fﬀh;`/a/_]f;  ﬁv
UV hAVG_]ZWpf +fk3_?e^aCf#hAVG_]ZWpf#khifp_]Zq<eCfwlV"WpZ:a^qb'f~&]Cifk
b'f7Y:Z:[f]@_Cif&v ?aZ\h
n
`/kVa<_9+
oko
( lVY{d VZb'fob'etV/W_feC]
bRd3ifWCfY:Y:f&u'aC`/e^k
n
`&eC/`&a^kŁaC`/e^k#Y:Z\h;Z\_f]lV;fk3_Z\h;f]#Y\fk6ifYpifp
h1fa<_k#keCZ\GV&a/_b'fﬀYV1hAVG_]ZWpf1 _=+
jkj
b
+
jm
b
+
jo
b
+
mkm
b
+
mko
f/v
`&ekVe^]`/a^kﬀb'`&aW;fa
n
]VG_Z:q<eCfAaCfe't
n
V]Vholf_]fk$lVofk@
_Z:h1f]BY\fkAWpZ:a^q
n
V&]V&h-lfp_]fk1bŁif^aCZkkVa<_;Y{d Z\hAV&~&fob'foY:V
Wp`&a^Z:q<eCf#V[k@`/Y\eCfLf_?Y\fk?q<e^VG_]f
n
V&]V&h-lf_]fkLr +
b.-
b0/yb 1
x bŁifp
^aCZkkVa<_#Y{d C`/h1`/~&]V
n
^Z\f b'fﬀ]Ciftif]fa^Wf|# $
j
 1 5At]v5|587/5A1 012-.>
/'t]7DB !`&e^k"V&`/a^ke
n
]CifWPifb'fp
h1fa<_Łq<eCfY:fk;ifq<e^VG_Z\`/a^kKbCf!WV&Y\Z:[C]V~&fﬁwfp_;wkd fp
n
]Z\h;fa/_
fa"t`&aW_Z:`&awbCfBY{d Z\hAV&~&f?b'f?YVW`&aCZq<eCf?V[^k`&Y:eCf+v `/eC]+]fp
_]`&eC/f]Y:fk
n
V&]V&h-lf_]fkRZ:a<_]Z\aklfq/e^fkbCeWV
n
_feC]uZ:Y<ke2;_
b'fﬀWp`&ak@Zb'f]f]ŁYV1bŁifWp`/h
n
`<k@Z\_Z:`&a-b'f,C`&Y:fk r9;bCfﬀY:VhAVG
_]Z:Wf +
.
j7 +
.
j ()hqŁv2UVb,ifW`&h
n
`<k@Z\_Z:`&a>b'f-,^`
Y\fkr91t`&eC]aCZ\_,fa$fpPfp_LeCaCf eCaCZq<eCf.k`&Y:e'_Z:`&a$V&e
n
]`&[CYElfh;f
W( `+le  fk3_!e^aCfhAVG_]ZWpfkhﬃifp_]Zq<eCfbŁif^aCZ:f
n
`
k@Z\_Z:&fﬀf_uU>f_ ]fk
n
fW_Z\/fh;fa<_b'fk!hAVG_]ZWpfkŁ_]ZVa^~&e'
Y:V&Z\]fkŁZ:a'tif]Z\feC]fkLfp_L_]ZVaC~/eCYVZ:]fk,ke
nCn
if]Z:fe^]fkv
 
		 
ﬁ
V
ﬁ
á!&

ﬃﬀﬁ
	 
	
 
ﬁ
	
`&ek!k`&eC^V&Z_`&a^k#WVY:Z\[^]f]#Y:VAWVhﬃif]VAb'fﬀhAVaCZElf]fﬀ]CifWpe^]@
k@Z:&f/uWd fk@_@plVG4b'Z:]f1e'_Z:Y:Z:kf]wY:fkwZ\hAV~/fk"eCa^f
n
V]eCaCfAY:`&]k3
q/ed fY\Y:fk#kf
n
]Cifk@fa<_fa<_uCkV&a^kŁ]f_`&e^]#faoV]]Z{lf]f
n
`/kkZ\[CY:f&v
U+fkwaC`&h[C]fAb'f
n
V]Vholfp_]fkAlVofk@_Z:h1f]wfk@_u2bCVa^kwY\f$WV&k
~BifaLif]VYEuKb'fh^ v?a ff_7Z:YtV&e'_6fk@_Z:h;f]-bRd e^aCf
n
V&]$Y:fk
 
n
V&]V&h-lfp_]fk bŁifWp]Z\GVa<_ Y{d Z\hAV&~&f;b'f;Y:V-Wp`/aCZ:q<eCf;V[k@`/Y\eCf
r _=+
jkj
b
+
jnm
b
+
jo
b
+
mpm
b
+
mpo
fx2f_KY\fk?q<e^VG_]f
n
V&]V&h-lfp_]fk q<eCf
Wp`&h
n
`&]_f?YV#hAVG_]ZWpf?bCf,W^V&aC~&fh1fa<_b'f?[^V/k@fJ#%$
j
r+
b.-
b0/
fp_
1
xv
,^V&q<eCf Z\hAV&~&f.V&h-lfaCf b'fe'6W`&a<_]VZ:a<_fku<fp
n
]Z\hiffk
n
V]
Y\fk2]fYVG_Z\`/a^kŁr /x2f_Lr xv/,fk b'fe'W`&a<_]VZ:a<_fk+_]V/b'eCZk@fa/_
Y{d Z\GV&]ZVa^Wf.b'f YV
n
]`}3fW_Z:`&a7b'f.YVW`&aCZq<eCf.V&[^k`&Y:eCf.bCV&a^k
Y\fkLZ\hAV~/fkv
,fksb'fe' ifq/eVG_Z:`&aka^fjk@`/a/_
n
V/k>Y\Z:aLifVZ:]fk
n
V]s]V
n

n
`/]@_KV&e'
n
V&]V&h-lfp_]fkM]fWCf]WLifkv
Ka;fpPfp_u<Wp`/h1h;f#aC`/e^k
Y{d V&`/a^kbŁif@}lV9f
n
Y\Zq<eŁif&uMY\fk;Wp`&h
n
`/kVa<_fk_
:@Z
bﬀ
( 
b
9f
]f
n
]Cifk@fa<_fa<_>Y:V
ﬀﬂ
ﬃ ﬃ
W`&Y:`&aCa^fgb'f YVmh;V_]Z:Wf #
$&ﬀ
(
#
$
j
#
j
ﬀ
`+le
:
fk3_Y:f"a<e^hﬃif]`Ab'f"YEd Z:hAV~/f._]V&Z_Ciff/v
?a$bŁif&fY:`
n^n
Va<_KY:fk;ifq<e^VG_Z\`/a^kuZ\Yfk@_?tV/WpZ:Y\f!bCf.Wp`/a^k@_VG_f]
q/e^f.b'fkK_f]h;fkŁq/eV&b']VG_Z:q<eCfk?V
nCn
V]VZkkfa<_u/Wp`&aWpf]a^V&a/_
fa
n
V]_ZWpeCY:Z:f]ŁY\fkŁW`f$WpZ:fa<_k,+
b -
b /yb01
f_#bCfk,_f]h;fkŁ[CZ\
Y\Z:aLifV&Z\]fkŁfZk@_fa<_-if~<VY:fh;fa<_v
ao_fY
n
]`&[CYElfh;fwbRd fk@_Z:hAVG_Z\`/a7]CifWeC]kZ:&fAlV
n
V]_Z:]bRd eCaCf
ifq<e^VG_Z\`/a$bRd `&[^kf]GVG_Z:`&a1aC`/a$Y\Z:aLifVZ:]f
n
fe'_	fp_]f#_]V&Z_Ciffa
h1f_@_Va<_ﬀfa`feC]feCaY_]f;b'fﬀVY:hAVazif_fab'e+v+`/e^k
aCf$tf]`/a^kwq<eCf$]V
nCn
fY:f]Y\fk
n
]Z:a^WpZ
n
fkwb'f7[^V&kf6bRd eCa>_fY
^Y_]f<Y:f Y\fW_feC]#bŁifkZ:]V&a/_,`&['_faCZ:]
n
Y\ekŁbCf bŁif_V&Z\Y
n
`&eC]]V
k@f"]Cifptif]f]wlVo Gﬁv
 `&eC] bŁifpaCZ\]BWf
n
]`&[^Y{lfh1fLbRd fk@_Z:hAVG_Z:`&aua^`&e^k ke
nCn
`/k`&a^k
q/e^f-Y:fk
n
V&]V&h-lfp_]fkolVfk@_Z:h;f]Ak@`/a<_;W`&a<_fa<ek1b^Va^k1eCa
&fWp_feC]ﬀV
nCn
fYpif;&fWp_feC]ﬀbRd3if_V_u+b'`/a/_ﬀYEd3if&`/Y\e'_Z\`/a+uPaC`_Ciff
_ M
`
b
f/u'fk@_#]Cif~&Z:f
n
V]#YEd3ifq/eVG_Z:`&a
M
`
(<rM
`
.
j
b
{
`
.
j
x r]x
`+le

`
 R  ﬀfk3_ŁeCaCf.t`&a^Wp_Z:`&a$aC`/a$Y:Z\aLifVZ:]f
bCf YEd3ifp_V_,M
`
.
j
 _x{
`
.
j
bpc
f6fk@_e^a
n
]`Wfkk@ekwb'f6[^]eCZ\_Z:a^bŁif
n
fa'
b^Va<_
 K ﬃof_ K
 
k`&a<_LY\fkŁbCZ\h;fak@Z:`&a-b'e7/fWp_fe^]Lb+d3if_VG_Lfp_b'e
/fWp_fe^]LbCfﬀ[C]e^Z_#]fk
n
fW_Z:&fh;fa<_v
U+fk
n
V]Vholf_]fk"b'f Mﬀa^f$k@`/a/_
n
V&kwb'Z:]fW_fh;fa<_wh;fke'
]V&[CY:fkvKa6]fGVa^W^f&uZ\YkLk@`/a<_Ł`/[^k@f]GV&[CY\fk lV_]V&f]kKeCaCf
ifq<e^V_Z:`&a7bCfﬀh1fk@e^]f;
ﬁ
`
(*:
`
rM
`
b
4
`
x
b
r&x
`+le
P:
`
 R ﬂ ﬃ,fk@_eCa^fBt`&a^Wp_Z:`&aﬀaC`/a'ﬁY\Z:aLifV&Z\]f&u
 _
4
`
b=c
fﬀfk@_eCa
n
]`Wfkk@ekŁbCfﬀ[C]e^Z_#Z:a^bŁif
n
fabCVa<_
 K! V&a^bK Kgk`&a<_wY:fkwbCZ\h;fak@Z:`&a^kﬀbCfAY:Voh;fkeC]fAfp_b'e
[^]eCZ\_#]fk
n
fWp_Z:&fh1fa<_v
,fAq/e^ZBfk@_"]fW^f]WŁiffa
n
V&]@_Z:WeCY:Z\f]uRWd fk@_ﬀeCaCf;fk@_Z:hﬃiff
^Y\_]CiffAb'fk%M
`
lV
n
V&]@_Z\]ﬀb'fAYEd fa^kfh[CY\fAb'fk"h;fkeC]fkﬀb'Zk3
n
`/aCZ:[CY\f/u'aC`_Ciffk
ﬁ
j#" `
(_
ﬁ
ﬀ
b :
(
b
dud.d
bpc
fﬀV&e6_fh
n
k
c
d
U+fg^Y\_]fjb'f*ﬀVY:hAVa ifp_fa^b'e
n
f]h1f_eCaCf _fY:Y\f fk3_Z
hAVG_Z:`&au!k@`/e^kYV Wp`/a/_]V&Z\a<_f>q<eCfsY:fk9[C]e^Z_kkeC]9YEd3if&`
Y\eC_Z:`&aﬃf_;keC];YV9h;fkeC]f-V&Z\fa/_1eCaCfob'Zk3_]Z:[Ce'_Z\`/a%$"Vek3
k@Z:fa^aCf&vUKd fk3_Z\hAV_Z:`&a>b'e>&fWp_feC]wbRd3ifp_V_wfp_k`&aZ:a^Wpf]@_Z
_e^bCf;kd fp
n
]Z\h;fa<_ﬀVe_]V&f]k.bRd e^aCf$b'Zk3_]Z:[Ce'_Z\`/a&$"Vek3
k@Z:fa^aCf('2rM
`
.
jC
ﬁ
`
.
j
xv
U+fkifq/eVG_Z:`&ak.b'e^Y\_]f1b'fﬂﬀVY:hAVazif_fa^b'e
n
fe^&fa<_ﬀk@f
h;fp_@_]fﬀk`&e^kLYVt`&]h;f1
'MrM
`
.
j]
ﬁ
j#" `
.
j
x (

rM
`
.
j
*)
`
.
j,+ `
.
j
b

`
.
j+ `
.
j
x
'MrM
`@
ﬁ
j#" `
.
j
x (

rM
`
*)
`-+ `
.
j
b

`-+ `
.
j
x
'MrM
`@
ﬁ
j#" `
x (

rM
`
*)
`-+ `
b

`-+ `
x
V&fW
)
`+ `
.
j
( <r.)

.
j+ `
.
j
b
S/x

`-+ `
.
j
( /
`0!`
.
j
/21
`
$43
`

`
.
j+ `
.
j
3
1
`
)
`+ `
( )
`-+ `
.
j
$

`
r
ﬁ
`
<
:Łr.)
`-+ `
.
j
b
S<x@x

`-+ `
( 
`-+ `
.
j
<

`
#
`

`-+ `
.
j
fp_`+le

rMﬃ5*)
b
wx"fk3_eCaCf6b'fa^kZ_Cif6$"Ve^kkZ\faCaCf$bRd V]~&e'
h;fa<_ﬃ
b
bCf h;`y/faCaCf) f_!b'fﬀWp`GGV]Z:V&a^WpfE
b
uCfp_
7
`
( #
`

`-+ `
.
j
#81
`
$:9
`

`
9
1
`
b

`
( 
`-+ `
#
1
`
7
.
j
`
k@`/a<_Y:fk_f]h;fkb'fW`GGV]Z:V&a^WpfﬃbCfﬃYEd Z:aCaC`GGVG_Z\`/a
ﬁ
`
<
#
`
)
`+ `
.
j
b
fp_!b'eo~<VZ:a-b'e7^Y\_]f&uC]fk
n
fW_Z\/fh;fa<_v
U+fk!hAVG_]ZWpf
3
b
#
b
9
f_/ k`&a<_ bŁif^aCZ:fk b'fYV$hAV&aCZ{lf]f
k@e^Z\GVa<_f1

3
fk@_wY:V-hAVG_]ZWpf<;<V&W`&[CZ:faCa^f1b'fkﬀbŁif]Z:Kiffk
n
V&]@_Z\fY\Y:fk
bCf
n
V]#]V
nCn
`&]_wlVAMBu
 
P# fk@_ YV6hAV_]Z:Wf ;<V&Wp`/[CZ:faCaCfb'fk"bŁif]Z:Kiffk
n
V&]@_Z\fY\Y:fk
b'f!:
n
V]#]V
nCn
`&]_ﬀlV?MBu
/ fk@_!YVAhAVG_]ZWpf ;<V&W`&[CZ:faCa^f"bCfk!bŁif]Z\,iffk
n
V&]@_Z\fY\Y:fk
b'f 
n
V]L]V
nCn
`&]_ﬀlVﬂ{Ku

9
fk@_wYV7hAV_]Z:Wfﬂ;<V&W`&[CZ:faCa^f1b'fkﬀbŁif]Z:Kiffk
n
V&]@_Z\fY\Y:fk
b'f!:
n
V]#]V
nCn
`&]_ﬀlVﬂ4
.V&a^kYEd Z:h
n
Ypifh;fa<_V_Z:`&a9q<eCfwa^`&e^k.V&`&akL]CifVY:Z:k'if&uCY:fk!fp
n
]fkkZ:`&a^k b'fWfk hAVG_]ZWpfk ;<V&W`&[CZ:fa^aCfkM`&a<_1ifp_CifWV&Y:WeCYpiffk
b'fﬀhAVaCZ{lf]f V&a^VYe<_Zq<eCf&v
 

ﬁ
!&ﬀ¿&	!
ﬁ
$ 
ﬁ
( 
ﬁ
K	

U+fk?]Cifk@eCY\_V_k?q<eCf#a^`&e^k
n
]Cifk@fa<_`&akBbCVa^kKWpfp_ŁV]_ZWpY:fLk`&a<_
b'fk-]CifkeCY_VG_k6`/['_fa<ek7famkZ\heCYVG_Z:`&a VG^a b'f
n
`/eC&`/Z\]
tVZ:]f>GV]Z\f]ofp
n
if]Z:h1fa<_VY:fh;fa/_oY:fkb'Z\!if]fa<_fkoW`&a^b'Z\
_Z:`&a^k#bRd e'_Z\Y:Z:kVG_Z\`/a-bCfﬀY:V1hﬃifp_C`'b'f&v
`&ekMke
nCn
`/k`&ak+`&[k@f]/f]e^aCf,h;Z:]f
n
V]tVZ\_fh;fa<_
n
YVa^f&v
U+fk C`/h;`&~&]V
n
CZ\fk#
j
ﬀŁe'_Z:Y\Zk'iffkﬀk`&a<_ﬀWV&Y:WeCYpiffk.fa
n
YVG
WVa<_ﬀYVWVhif]V-k@eWWpfkkZ:&fh;fa/_$lVob'Z\!if]fa/_fk
n
`/kZ_Z\`/a^k
Ve'_`&eC]ob'fY:Vﬃh1Z:]ff_-famWV&Y:WeCYVa<_7Y:fk7C`&h;`/~&]V
n
CZ:fk
fa<_]f9Z:h;V&~&fk
n
V&]6h;Z:kffaXWp`/]]fk
n
`&a^bCV&a^Wpf9bCfq<e^VG_]f
n
`/Z\a<_kvB`/e^k;Z\a<_]`'b'eCZk`&a^kZ:WZLeCa[^]eCZ\_$k@e^]1Y:fk
n
`&Z:a<_k
h1ZkAfa W`&]]fk
n
`&abCVa^Wf&uM[C]eCZ_k1_]V&b'e^Z:kVa<_;eCaCff]]feC]
b'fb,ifp_fW_Z\`/agbCfk1Z\ab'Z:Wfk;Zk@eCfY:k
n
f]h;fp_@_Va<_;Y\fWV&Y:WeCY
b'fk,C`&h;`/~&]V
n
CZ:fkvyF3WpZY\f.[C]eCZ_Łfk@_,b'fb'f!YV"_V&Z\Y:Y:f.b'f
Y:V h;Z\]fLbCVa^kMYEd Z:hAV~/f&uGWpf#q<eCZ']fZ\fa^b']VZ\_LlV.eCaCfLf]]feC]Bb'f

n
Z\fY^keC]KeCa^fh;Z\]f#h;fkeC]V&a<_.S]S
n
Z'fYk?bCV&a^kBYEd Z:hAV~/f&v
UVmh;V_]Z:Wf #
$
j
fk@_>ke
nCn
`/kCiff W`&aCaeCf V&fW
n
Y:e^k>`&e
h1`/Z\akAbRd Z:a^Wf]_Z\_e^b'f/vIZfY:Y:f7fk3_
n
V&]@tV&Z_fh;fa<_AWp`&a^a<e^f&u
WpfYV-]fZ\fa/_6lVb'Z:]f;q<eCfAY:fkWp``&]b'`&a^aŁiffk.b'fk
n
`&Z:a/_kwb'f
Y:Vsh;Z:]f9b^Va^kAY:f9]f
n
lf]f9bCfY:Vsh;Z:]f9k`&a<_
n
V&]@tV&Z_fh;fa<_
Wp`&a^a<ekvB.fk1Z\aWpf]_Z\_eb'fk1`&a<_$VZ:a^kZ6ifp_Cif-Z:a/_]`'b'e^Z_f-keC]
Y\fk#Wp`f$WpZ:fa<_k#b'f!#%$
j
v
`&ekV/`&a^kfp
n
if]Z:h1fa<_VY:fh;fa/_`&[^kf]Kif6q<e+d e^aCf7q<eCZ:a'
VZ:aCf bRd Z:hAV~/fk;if_V&Z\fa/_#ke2$kV&a/_fk
n
`/eC],`/['_faCZ:],eCa^f!fk@
_Z:h;V_Z:`&aob'fk
n
V]Vholfp_]fkK]fW^f]WŁifkv
UV^~&eC]f-
n
]Cifkfa<_f7eCagWV&k_n
n
f-Z\Y:Y:e^k3_]V&a<_Y:fk1]Cifk@e^Y
_VG_k?`/['_fa<ekv<UVwWVhﬃif]V fk@_Łke
nCn
`/k'iffV&`/Z\]?bCfkBt`'WVY:fk
b'f .SCS]S^uV/`&Z:]ﬁ 2
R
 2
n
Z'fY:kuCeCa
n
`&Z:a<_
n
]Z:a^WZ
n
V&YVe
h1Z:Y:Z\feobCf YEd Z\hAV~/f"fp_eCa	
bCf!SCv
U+fkoW`&eC][fk7bC`&aCaLiffkokeC]oY:Vﬃ^~&e^]f]f
n
]Cifk@fa<_fYEd3ifWV&]@_
_n
n
f6`/[^kf]Kif7k@eC]1YEd fk3_Z\hAVG_Z\`/ab'f-Y{d eCaCf-b'fkt`'WVY:fk1b'f
Y:V7WVhif]V^ufat`&a^Wp_Z:`&ab'fYEd Z\a^Wf]_Z\_e^bCfkeC].Y:fk GVY:fe^]k
Z\aCZ\_ZVY:fk t`/eC]aCZ\fkvRUfk._]`&Zk"~&]V
n
^Z:q<eCfk
n
]^ifkfa<_fa<_"bCfk
k@Z\_e^V_Z:`&a^k.`+le #
$
j
W`&h
n
`&]_fbCZ!if]fa<_k.b'f~/]Cifk!bRd f]]feC]
r]fk
n
fW_Z:&fh;fa<_S6u^wSfp_  ]SbRd f]]feC]xv
?a-]f~/V]bCV&a/_ŁWpfk#W`&eC][fku<a^`&e^k#W`&a^k@_V_`&ak,q<eCfﬀkZ#$
j
fk@_Wp`&a^a<esV/fW1h;`&Z:a^kwb'f6]S bRd Z:a^Wpf]@_Z_e^b'f&uY{d fk@_Z:hAVG
_Z:`&afk3_w_]lfkkVG_Z:k@tVZkV&a<_f&uRh;`/Z\a^k1b'f9v  bRd f]]feC]keC]
Y:V>t`'WVY:f&u?hL	fh;fkZY:fk6V&Y\feC]kAZ\a^Z_Z:V&Y\fk$b'f9YVsWV&hﬃif]V
k@`/a/_L_]lfkLf]]`/aŁiffk r wSxpvC!fk#]CifkeCY_VG_kŁkZ:h1Z:YVZ:]fkŁk`&a<_
`&['_fae^kkeC]#YEd fk3_Z\hAVG_Z\`/a-bCfkV&e'_]fk
n
V&]V&h-lfp_]fk"r
n
`/Z\a<_
n
]Z:a^WZ
n
V&Y{uCk r&f!xv
?a-]fV&a^WCf/u<Y:`&]kq/e^f.YEd f]]fe^]ŁkeC]#
$
j
b'fZ\fa/_L_]lfkLZ\h1
n
`/]@_Va<_f/uZ:Y<b'fZ\fa/_MaLifWfkkV&Z\]f?bRd V&`/Z\]+e^aCfKZ:aCZ\_ZVY:Z:kVG_Z\`/a
Wp`&]]fW_f r
n
V]Kfp'fh
n
Y:f#h;`&Z:a^k?b'f!]SzbRd f]]feC]?keC]BYV t`
WVY:fﬀV&fW!eCa^fﬀf]]feC]#b'f  wSk@eC]#
$
j
xpv
0 50 100 150 200 250 300 350 400 450 500
0.6
0.602
0.604
0.606
0.608
0 50 100 150 200 250 300 350 400 450 500
2
2.5
3
3.5
4
4.5
5
0 50 100 150 200 250 300 350 400 450 500
0
20
40
60
80
100
120
Erreur de 0% sur  H01.
Erreur de 20% sur H01.
Erreur de 50% sur  H01.
  M?-ifkeCY\_V_k"b'f;WVY:Z:[C]V_Z:`&a+vR,fk"Wp`/eC][fk!]f
n
]^ifp
k@fa<_!Y{d@ifWV]_#_n
n
fw`/[^kf]KifwkeC]YEd fk@_Z:h;V_Z:`&a9b'fY{d eCaCfbCfk
t`'WVY:fk,b'f!YVWVhif]V"fa$t`&a^Wp_Z:`&a6b'f.Y{d Z:a^Wpf]@_Z_e^b'f.keC]ŁY:V
GVY:feC]LZ:aCZ_Z:V&Y\f t`/eC]a^Z\f/vU2Vt`WVY:f.fk3_b'fﬂxS]S]S^v'U+fk,_]`/Z:k
~&]V
n
^Z:q<eCfk
n
]Cifk@fa<_fa<_,bCfkKkZ\_e^V_Z:`&a^kK`Rle #%$
j
Wp`/h
n
`&]_f
b'Z\!if]fa/_kb'f~&]Cifk#bRd f]]feC]wr]fk
n
fW_Z\/fh;fa<_XS$uwSfp_
 wS|bRd f]]feC]x

  
yá!&y!
`&ek$V&`/a^k
n
]`
n
`<k'ifoeCa^fo_fW^aCZ:q<eCf]^ifWeC]k@Z:&fobRd Ve'_`
WVY:Z:[C]V_Z:`&ab'fWVhif]V&ku
n
V&]`&[k@f]GVG_Z\`/abRd e^aCfkeC]tV&Wpf
n
Y:V&a^VZ:]f bCV&a^k#b'fkk'ifq<eCfa^WfkLbRd Z\hAV&~&fkŁZb,if`v
ŁV/k'ifLkeC]BY{d Z:a<GV&]ZVa^WfŁbCfŁYV
n
]`}3fWp_Z:`&a1b'f#Y:V"W`&aCZq<eCfŁV&['
k@`/Y\eCf,bCVa^k2Y:fk+Z:hAV~/fkuYV#hﬃifp_^`bCf
n
f]h1f_uV&fWBeCaW` 	e'_
VY:~&`&]Z\_Ch;Zq/e^fB_]lfk+tVZ:[CY\f/ubCf,bŁif_f]h;Z\a^f]MY\fk
n
V&]V&h-lfp_]fk
Z\a<_f]a^fk?b'f#YVﬀWV&hﬃif]V;lV
n
V]_Z:]?b'fYVﬀWp`&a^a^VZkkVaWpfLbRd ^`
h1`/~&]V
n
^Z\fk,Z:a<_f]@ﬁZ\hAV&~&fkv
`&ekŁV/`&a^kKh;`&a<_]Cif.q<eCf Y:Vhﬃifp_C`'b'f
n
]`
n
`<k'iff!fk@_Le'_Z:Y\Z\
kV&[CY\f/uhL	fh1fAkZ Y:V7k3_]e^Wp_eC]f1hﬃif_]Z:q<eCf1b'f1Y:V7h;Z\]fad fk3_
Wp`&a^a<eoq<eCf _]lfk#V
nCn
]`Z:hAVG_Z\/fh;fa<_v
,fp_@_f"hﬃif_C`'b'f aC`/e^kLk@fh[CY:f
n
V]_ZWpeCY:Z{lf]fh;fa<_,Z:a^b'Zq<eŁiff
bCVa^k"Y:f$WV/kﬀb'f$WV&Y\Z:[C]VG_Z\`/afaY:Z\~/aCf$b'fAWV&hﬃif]V/k <ZbŁif`^v
`&ek
n
fa^k`&a^k"faff_q<eCfAY\f;tV&Z_bCf
n
`/eC&`/Z\]
n
]fab']f
faW`&h
n
_ftV&WZ\Y:fh;fa<_ eCa9_]lfk~&]VaboaC`&h[C]f1bRd Z\hAV~/fk
b'`&Z\_
n
f]h;f_@_]fﬀb'fkfk@_Z:h;V_Z:`&a^k
n
]CifWpZk@fkLfp_]V
n
Zb'fk#bCfk
n
V]Vholfp_]fkLb'fﬀWVY:Z:[C]V_Z:`&a-b'fk#WVhﬃif]V&kv


ﬁ

k
ﬁ

ﬁ

ﬁ
!

ÈR»d¹ÀÄ×d¹»
õ
ÆÅÈR»¾JÀ
	/ÀZ¹»	½¿ÆÊ¹ÁÄÈNÕ7¾¿½JÉiÁÄ¼ÂÃÅÚC¾¾J¼AÀÄÃÊÔ¹ÀÄÃÅÈR»
ÈFÔ"ÈÀÄÃÅÈR»¹»ÏÓdÆÊ¹»d¹Á
¼AÀÂÁÄÉi½JÀÄÉiÁÄ¾RÕT»B ﬁ
ßÄß40ûèøG	üﬀ
ﬁùúiß
÷
øß Âßø'Zß,
ø
)ý<ùTß ﬁﬀMûèüÄû
øþø'0ﬂ(þùÎùTß Zøﬃ(ß(
3
3	ødûèùÎû
ø<5J
 Zù 
 ûødü35 !#"&*)Çd¸º¾J½
%$&$$
Õ
 '%
õ
Õ
õ
æ¹ÁÄÐ¹¿ã/¾]ÒA¹»iÃ3¾JÀ
õ
Õdç1¾¿»/ÀÄÆÊ¹»ÏŁÕ(4¾¿½¿ÉÁÄ¼ÂÃÊÚR¾k¾J¼AÀÄÃÊÔ¹ÀÄÃÅÈR»
È:Ô"ÈÀÄÃÅÈ»MÇC¼AÀÂÁÄÉi½JÀÄÉiÁÄ¾Ç?¹»dÏﬁèÈ/½¹ÆÙÆÊ¾J»dÞÀÄ×:Õ#]»å÷)^*+*y÷ZÇ
%$$,
Õ
 -.
7ÃÅ½Z×¹ÁZÏ/º¹ÁÂÀÄÆÅ¾Jãy¾JÀ
õ
»Ï?ÁÄ¾1032ÙÃÅ¼Â¼Â¾JÁÄÔ¹»:Õ*$& ùÎû ýÊß4ﬀMûßß
5
ß4
ßù @Fyûø)
)ý?ùTß 6ﬀ:ûèüÄû
øiÕ)ë&¹ÔÐÁÄÃÊÏiÞR¾7 »dÃÅÚC¾JÁÄ¼ÂÃÛÀ]ã
ç'ÁÄ¾J¼Â¼¿Ç
'98&8&8
Õ
 ,9:
ÁË¾ÏFË¾JÁÄÃÅ½

ÉiÁÄÃÅ¾7¾À<;yÃÅ½×i¾¿Æ¸º×iÈRÔ"¾RÕ
õ
¼ÂÃÊÔ"ÓiÆÅ¾7¹»Ï"¾Jì"½JÃÊ¾J»?À
ÀÄ¾¿Ô"ÓdÆÊ¹ÀÄ¾ÝÔ¹ÀÄ½Z×dÃÅ»dÞV¹ÆÊÞÈÁÄÃÛÀÄ×dÔKÕ3T»=B ﬁ
ZßZß40ûø	ü-
ﬁùúiß
û 	ú?ùúK÷ZødùTß ZøÙþùÎû
øÙþ<
øß Âßø'Zß?>ø@
7ý?ùTß 6ﬀ:ûèüÄû
ø
A
÷9BCﬀ(EDGFH5ﬂﬀdþø'3
ß 5#I? ûùÎûèüAú?
 ﬀJûÎþ5-þøÙþ0CþÇCÚCÈÑ
ÆÅÉdÔ"¾
'
ÇdÓd¹Þ¾¿¼+J
,&,.K
J
,G$
Ç

ÉdÆÛã
'8&8L
Õ

J

¸ÕdÖMÃÅ¾¿ÐÙÈ%0(ÃÛÀÄæRÕ-þß Aþ4-þ û ÂþùÎû
øþø0ﬃ(ß4@
ødüÄù /JùÎû
ø

ﬁ
5
ß3
ßù @Fﬀ ﬁ
 ÷@îþ	/ßüÄÕﬀç'×d¸LÀÄ×d¾¿¼ÂÃÅ¼¿ÇM7 »dÃÅÚC¾JÁÄ¼ÂÃÛÀ]ã{È
N+O
èÈÁZÏŁÇ/¸º¾¿ÓÀÕQP'»dÞÃÊ»i¾¿¾JÁÄÃÅ»dÞﬁ	½JÃÊ¾J»d½¿¾RÇ

Éd»i¾
'98&8R
Õ1¸Õ ç'×dÃÅÆÎÕ
ÀÄ×d¾¿¼ÂÃÅ¼¿Õ
 S.
ç1Õ 	ÙÕT;K¹¿ãÐ¹½
ê
Õ "iù
ZúiþüÄùÎûjﬀ
0/ß ü35ßüÄùÎû"þùÎû
ø þø'0
3
ødù ﬁ
 ÇÚCÈÆÅÉdÔ"¾
%U&'
Õ
õ
½¹RÏ¾¿Ô"ÃÅ½
çNÁÄ¾¿¼Â¼¿Ç
V$GW$
Õ
 W%
ç1¾JÀÄ¾JÁX	/ÀÄÉiÁÄÔ ¾JÀX	?ÀÄ¾JÚC¾;K¹¿ãÐ¹»
ê
Õ
N
» ÓiÆÊ¹»d¾ÑTÐd¹¼Â¾ÏV½¹Ñ
Ô"¾JÁZ¹½¹ÆÅÃÅÐiÁZ¹ÀÄÃÊÈ»ZY
õ
ÞR¾J»d¾JÁZ¹Æ)¹ÆÊÞÈÁÄÃÛÀÄ×dÔKÇF¼ÂÃÅ»dÞÉdÆÊ¹ÁÄÃÛÀÄÃÅ¾¿¼¿Ç
¹ÓiÓdÆÅÃÅ½¹ÀÄÃÅÈR»i¼¿ÕL]»  4
ZßÄß30ûèø	ü?
Eùúdß÷[
øß Äßøß?
ø

)ý<ùTß \ﬀMûüZû
øþø'0T(þùÎùTß ø@ﬃ(ß43
3	ødûèùÎû
ø<5,J
 ZùX
y(
 ûèødü35C!#"&*)ÇdÓd¹Þ¾¿¼
,G-G'VKQ,&-GW
Ç

ÉdÃÅ»
V$&$&$
Õ
 ].^
ÃÅÆÅÆQ_MÁÄÃÅÞRÞ¼¿Õ
õ
ÉÀÄÈ/½¹ÆÅÃÅÐiÁZ¹ÀÄÃÅÈR»CÁÄÈÔoÓiÆí¹»¹Á3¼Â½¿¾J»d¾¿¼¿ÕG`1ß4Jù Äß
a
ùTßüºûèøb
7ý?ùTß C"'Jû£ßøßÇ
V,&8&S
Y
]&$%K<cdc
Ç
%$$&]
Õ

